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(54) Segmented clock distribution network and method therefor 



(57) A method for providing a clock signal to clock 
recipients in an integrated circuit is provided herein that 
comprises the steps of providing the clock signal to at 
least two groups of clock recipients in a manner that the 
first group of clock recipients are clock together at a dif- 
ferent time in which the second group of clock recipients 
are clocked together. A clock distributing circuit is also 
provided herein that includes a first and second bal- 



anced clock tree and a delay or phase-shifting element 
for altering the timing or phase of the clock signal in a 
manner that the clock recipients pertaining to the first 
balanced clock tree are clock together at a different time 
than the time that clock recipients pertaining to the sec- 
ond balanced clock tree are clocked together. By seg- 
menting the clocking of different groups of clock recipi- 
ents so that they are clocked at different times, problems 
due to ground bounce and V DD noise are reduced. 
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Description 

FIELD OF INVENTION 

[0001] This invention relates generally to clock distri- 
bution for digital and computer systems, and in particu- 
lar, to an apparatus and method for segmenting the dis- 
tribution of a clock signal to reduce clock skew, ground 
bounce, and V DD noise. 

BACKGROUND OF THE INVENTION 

[0002] The routing and distribution of the clock to el- 
ements of an integrated circuit, or more specifically, an 
application specific integrated circuit (ASIC), is an im- 
portant factor to consider in the design of ASI Cs. To take 
an analogy, for instance, the clock of an ASIC may be 
seen as the heart and blood flow of a human body, 
whereas the clock routing and distribution of an ASIC 
may be seen as the arteries and veins of a human body. 
Just like the human body requires that the arteries and 
veins be properly distributed in order for each organ to 
function properly and together with other organs, the 
clock routing and distribution of an ASIC should be de- 
signed so that the clock- receiving elements function 
properly and together so that the intended functions of 
the ASIC are achieved: One of the intended functions 
of clock recipient elements of an ASIC, for example, is 
to propagate data to an intended functional destination 
of an ASIC. 

[0003] Referring to Figure 1, a simple prior art chain 
of D-type flip-flops 20 is shown, wherein the D flip-flops 
(DO-Dn) are shown sequentially cascaded together to 
propagate data from a data input to a data output. As it 
is conventionally known of these types of data-propa- 
gating chains of D-type flip-flops, the Q-output of one of 
the flip-flops in the chain is coupled to the D-input of the 
next flip-flop in the chain in the direction in which data 
propagates. Thus, in the example shown in Figure 1 , the 
Q-output of flip-flop DO is coupled to the D-input of flip- 
flop D1 ; the Q-output of flip-flop D1 is coupled to the D- 
input of flip-flop D2; and so on. The chain of D-Flip-flops 
are driven by a common clock source 22 by way of a 
clock distribution network 24. In the example shown in 
Figure 1, the clock distribution network 24 includes an 
input for the clock source 22 situated near the flip-flip 
DO, and extends therefrom parallel with the flip-flops in 
the direction of data propagation, and includes a branch 
to each of the clock inputs of the flip-flops in the chain 20. 
[0004] In operation, a clock pulse or triggering edge 
of the clock causes each of the D flip-flops in the chain 
20 to propagate data from its D-input to its Q-output. 
Each consecutive clock pulse or triggering edge causes 
the data to move further down the chain of flip-flops. In 
the example shown in Figure 1 , per every clock pulse 
or triggering edge, data at the D-inputs of flip-flops 
DO-Dn propagates to the Q-outputs of the flip-flops 
DO-Dn, respectively. If there are no delays between the 



Q-outputs and the D-inputs of consecutive flip-flops in 
the chain 20, then per every clock pulse or triggering 
edge, data at the D-inputs of the flip-flops propagates 
to the D-inputs of the next flip-flops in the chain 20. It is 
s desired that the clock pulse or triggering edge of the 
clock occur at the same time (or are in-phase) at the 
inputs of all the flip-flops, in order for the data as a whole 
to propagate together down the chain 20. 
[0005] The problem with the data propagating chain 
20 is that with the clock distribution network 24 shown 
in Figure 1 , the triggering edge or pulse of the clockdoes 
not reach all the clock inputs of the flip-flops at the same 
time. This results in the data not properly propagating 
as a whole through the chain; a condition generally 
termed in the art as "clock skew." To illustrate the prob- 
lem of clock skew, assume that the time delay for data 
to propagate from the Q-output of a flip-flop to the D- 
input of the next flip-flop in the chain is given by AT D . 
Also, for this example, because the clock distribution 
network 24 shown in Figure 1 requires the clock to prop- 
agate a longer length to reach the clock inputs of the 
flip-flops down the chain 20, assume that the time dif- 
ference of clock at the clock inputs of consecutive flip- 
flops is given by AT C . 

[0006] Given the above assumptions for the example, 
if the time delay AT D for the data to propagate from the 
Q-output of flip-flop DO to the D-input of flip-flop D1 is 
more than the time difference AT C of the clock at the 
clock inputs of such flip-flops, then triggering edge of 
the clock at the clock input of flip-flop D1 will clock the 
current data at its D-input to its Q-output before the next 
data ( the data that propagated through flip-flop DO) 
propagates to the D-input of flip-flop D1 . This is the de- 
sired result, that the next data does not propagate to the 
D-input of the next flip-flop before that flip-flop is clocked 
for the current data. 

[0007] However, with the clock distribution network 24 
shown in Figure 1, problems occur for flip-flops down 
the chain 20. For instance, the time delay of the clock 
to reach the clock input of flip-flop D2 is given by 2AT D . 
Assume now that the time delay AT D is smaller than the 
time delay 2AT C , then the data that propagated through 
flip-flop D1 will reach the data input of the flip-flop D2 
before it is clocked. Thus, instead of the current data 
propagating through flip-flop D2 for that triggering time, 
the next data propagates through the flip-flop D2. There- 
by, losing the current data for flip-flop D2. This results 
in the data as a whole improperly propagating down the 
chain 20. Thus, it is desirable that the clock distribution 
network be designed so that the flip-flops, or more gen- 
erally, the clock recipient elements be clocked at sub- 
stantially the same time to reduce or eliminate the ef- 
fects of clock skew. 

[0008] Referring now to Figure 2, a block diagram of 
a prior art clock distribution network 30 formed on an 
ASIC substrate 37 is shown that reduces or eliminates 
the problem of clock skew. The prior art clock distribution 
network 30 reduces the clock skew problem by attempt- 
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ing to cause the phase of the clock signal at the clock 
inputs of all the clock recipient elements in the ASIC to 
be substantially the same. The clock distribution net- 
work 30 is generally referred in the relevant art as a "bal- 
anced clock tree," and therefore, will be referred to as 5 
such hereinafter. 

[0009] The balanced clock tree 30 shown in Figure 2 
includes a main buffer 32 for receiving a clock signal 
from a clock source 34, and used as an initial driving 
stage for supplying the clock signal to the clock recipi- m> 
ents of the ASIC. The output of the main buffer 32 is 
coupled to an H -shaped conductive tree structure 36 
that is used as an initial conduit for the clock to propa- 
gate through to reach the clock recipients. The H- 
shaped conductive tree structure 36 includes an initial is 
entry wide conductive line 38 (or entry conductive line, 
for short) having a first end coupled to the output of the 
main buffer 32 and a second opposite end connected to 
the middle of the mid-section conductive branch 40 of 
H-tree conductive structure. The ends of the mid-section 20 
conductive branch 40 connect to the middle of the outer 
conductive branches 42 and 44 of the H-tree conductive 
structure 36. Each of the ends of the outer conductive 
branches 42 and 44 is coupled to a buffer tree-network 
46, which is, in turn, coupled to the clock recipients 48. 2s 
[0010] The H-tree conductive structure 36 including 
the entry conductive line 38 are designed so that the 
phase of the clock signal as it is split by the H-tree struc- 
ture are substantially the same at the ends of the outer 
conductive branches 42 and 44, or alternatively, at the 30 
points in which the buffer tree-networks 48 connect to 
the H-tree structure. This is accomplished by forming 
the H-tree structure 36 on a substrate 37 that has sub- 
stantially uniform dielectric constant, and by having the 
same conductive line lengths from the output of the main 35 
buffer 32 to the ends of the outer conductive branches 
42 and 44, or alternatively, at the points that the buffer 
tree-networks 48 connect to the H-tree structure. 
[0011] For instance, in the example balanced clock 
tree 30 shown in Figure 2, the clock signal generated at 40 
the output of the main buffer 32 initially undergoes a 
phase shift of A0 1 as it propagates through the entry con- 
ductive line 38. When the clock signal encounters the 
mid-section conductive line 40 of the H-tree structure 
36, it splits the clock signal into two clock signals, each 45 
propagating towards respective outer conductive lines 
42 and 44. The two clock signals each undergo a phase 
shift A$ 2 after propagating through the mid-section con- 
ductive line 40 of the H-tree structure 36 since the length 
of the mid-section line is the same on both sides of the so 
entry conductive line 38. 

[0012] When the two clock signals reach the outer 
conductive lines 42 and 44, they both split into four clock 
signals, each propagating towards respective ends of 
the outer conductive lines, or alternatively, towards the 55 
points in which the buffer tree -networks 46 connect to 
the H-tree structure 36. When the clock signals reach 
these points from the middle of respective outer conduc- 



tive lines 42 and 48, they would have undergone a 
phase shift A<j> 3 . Thus, the phases of the clock signals 
at the points where the buffer tree-network are substan- 
tially the same since they would have all undergone a 
total phase shift of: 

A< t ) total = A( N + A *2 + A( t>3 

[0013] Referring now to Figure 3, a schematic and 
block diagram of a prior art buffer tree-network 46 of Fig- 
ure 2 is shown. The buffer tree-network 46 provides for 
further levels of driving stages for driving the clock signal 
to each of the clock recipients 48 of the ASIC. Like the 
H-tree conductive structure 36, the buffer tree-network 
46 is also designed to distribute the clock signal so that 
the phases of the clock signal at the clock inputs of all 
the clock recipients are substantially the same. 
[001 4] In more detail, the buffer tree-network 46 may 
comprise of one or more levels of parallel buffers. In the 
example shown in Figure 3, there are N-levels of parallel 
buffers. The level 1 buffers 52 are the first level of buffers 
which initially drives the clock signal that is picked off 
the ends of the outer conductive lines 42 and 44 of the 
H-tree conductive structure 36. If there are two levels of 
buffers in the ASIC, then the output of the level 1 buffers 
are coupled to the inputs of the level 2 buffers 56. If there 
are more than two levels of buffers in the ASIC, then the 
outputs of the buffers at one level are coupled to.the 
inputs of the buffers at the consecutive level. In the pre- 
ferred embodiment, the buffers "fan-out" from one level 
down to other levels. In other words, the output of a buff- 
er at one level is coupled to the inputs of several buffers 
in the next level, and so on to meet the ASI C clock signal 
load. 

[0015] The buffer tree-network 46 further includes a 
clock routing network for each level of parallel buffers. 
For instance, a level 1 clock routing network 50 is in- 
cluded that routes the clock signal from the ends of the 
outer conductive lines 42 and 44 of the H-tree conduc- 
tive structure 36 to the inputs of the level 1 buffers 52. 
If there are two levels of buffers, then a level 2 clock 
routing network 54 is included for routing the clock signal 
from the outputs of the level 1 buffers 52 to the inputs 
of the level 2 buffers 56. If there are more then two levels 
of buffers, then there is a clock routing network for each 
level of buffers for routing the clock signal from the out- 
put of buffers at one level to the inputs of buffers at the 
consecutive level. 

[001 6] Each of the clock routing networks route the 
clock signal to the inputs of the next level buffers in a 
manner that the phases of the clock signals at such in- 
puts are substantially the same. For instance, level clock 
routing network 50 routes the clock signal from the ends 
of the outer conductive lines 42 and 44 to the inputs of 
the level 1 buffers 52 in a manner that the phases of the 
clock signals at the inputs of the buffers are substantially 
the same. The level 2 clock routing network likewise 
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routes the clock signals from the outputs of the level 1 
buffers 52 to the inputs of the level 2 buffers 56 in a man- 
ner that the phases of the clock signals are substantially 
the same at the inputs of the level 2 buffers; and so on, 
in the same manner for all other clock routing networks 
pertaining to the other levels of buffers 3-N. 
[0017] The level 1 clock routing network 50, which is 
shown in more detail in Figure 3 than the other clock 
routing networks, is used herein as an example of one 
manner of routing the clock signals so that their phases 
at the inputs of the buffers at one level are substantially 
the same. The other levels of clock routing network can 
be routed in such a similar manner. In one manner, the 
level 1 clock routing network 50 attempts to equalize the 
clock signal phase at the buffer input by having the con- 
ductive line lengths from the ends of the outer conduc- 
tive lines 42 and 44 of the H-tree conductive network 36 
to the inputs of the level 1 buffers to be substantially the 
same. For instance, the conductive line length from 
node 0 (the point in which the level 1 clock routing net- 
work 50 connects to the H-tree conductive structure 36) 
to the inputs of buffers 52a and 52f which are taken off 
of nodes 3 and 3' are substantially the same, and results 
in a phase shift of the clock signal given by: 

A( t>52a = A( t ) 52f = A< ^4 + A( t ) 5 + A *6 + A *9 

[0018] Similarly, the conductive line lengths from 
node 0 to the inputs of buffers 52b and 52e are substan- 
tially the same, and produces a phase shift of the clock 
signal given by: 

A 4>52b = A( t ) 52e = A *4 + A *5 + A< t>8 

[0019] In order for the phase of the clock signal to be 
the same at the inputs of buffers 52a, 52b, 52e and 52f , 
the following relationship holds: 

A( t>8 = A *6 + A( t > 9 

[0020] Thus, if the ASIC layout permits, the clock rout- 
ing networks can be designed to provide substantially 
the same conductive line lengths from the point of in 
which the H-tree conductive structure 36 connects to the 
level 1 clock routing network to each input of the level 1 
buffers 52. The same technique can be used for the oth- 
er clock routing networks, such as level 2 clock routing 
network 54, so that the conductive line lengths from the 
output of one of the i'th level buffer to the inputs of the 
level (i + 1) buffers are all substantially the same. 
[0021] Sometimes, however, it may be difficult be- 
cause of layout reasons to provide a conductive line of 
a sufficient length to equalize the clock signal phases at 
the inputs of the buffers. To illustrate this, assume for 
example that the phase shift from node 0 to the input of 



the buffer 52d is of sufficient length to provide the proper 
phase of the clock signal at the buffer's input. That is, 
the phase shift of the clock signal from node 0 to the 
input of buffer 52d is given by: 

5 

A( t ) 52d = A $4 + A h 

[0022] In order for the clock signal phase at the input 
10 of buffer 52d to be equalized with the clock signal at the 
inputs of buffers 52a, 52b, 52e and 52f, the following 
relationship holds: 

is A0 7 = A<J) S + A<J) 8 = A$ 5 + A<|> 6 + A<)> 9 

[0023] Also assume that the conductive line length 
between node 0 and the input of the buffer 52c is of in- 
sufficient length to cause the clock signal to undergo the 
20 proper phase shift. Specifically, because of layout rea- 
sons, assume that the conductive line between node 1 
and the input of the buffer 52c cannot be made any long- 
er in order to produce the desired phase shift of the clock 
signal. In other words, the following relationship holds: 

25 

A<)> 4 < A$ 7 

[0024] To solve this problem of an insufficient conduc- 
30 tive line length, a current load 58 is connected to the 
output of buffer 52c. The effects of the current load 58 
on the clock signal causes it to undergo an additional 
phase shift A^-,-, because it effects the buffer driving re- 
sponse. In order to equalize the clock phase at the out- 
35 put of the buffer 52c with that of the outputs of the other 
buffers of the same level, the current load is made of 
sufficient size that the additional phase shift A^^ results, 
in the clock phase at the output of buffer 52c to be equal- 
ized with the others. In other words, the following rela- 
40 tionship holds: 

A$ 10 + A4> ni = A(|> 7 = A<k + A(|) 8 = A<|> 5 + A(|> 6 + A<(> 9 

45 [0025] Therefore, by varying the length of the conduc- 
tive lines to each of the input of the buffers and also em- 
ploying current loads when the conductive lines cannot 
be made any longer because, for example, of layout rea- 
sons, the clock routing networks can be designed to pro- 

50 vide substantially the same phase of the clock signal at 
the output of the buffers of the same level. This can be 
done for all levels of buffers so that the phases of the 
clock signal at the output of the N'th level buffers are 
substantially the same. This is assuming, of course, that 

55 each of the buffer in the buffer tree-network 46 causes 
the clock signal to undergo substantially the same 
phase shift. 

[0026] Referring now to Figure 4, a schematic dia- 
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gram of a group of clock recipients 48, or more specifi- 
cally, a chain of D-flip flops (D1-D6) is shown, wherein 
the flip flops are driven by one of the N'th level buffers 
of the buffer tree-network 46 by way of a recipient clock 
routing network 60. The clock routing network 60 is sim- 
ilar to the clock routing networks of the buffer tree-net- 
work 46 in that it routes the clock signal from the output 
of one of the N'th buffers to the clock inputs of the clock 
recipients (D-flip flops D1 -D6) so that the phases of the 
clock signal at each of the clock inputs of the clock re- 
cipients are substantially the same. In the example 
shown in Figure 4, this can be done by designing the 
clock routing network so that the following phase-shift 
relationship holds: 

A<)> 7 = Ac|> 5 + A<(> 8 = A<t> 5 + A<|> 6 + A$ 9 

[0027] In summary, the balanced clock tree 30 routes 
the clock signal in an ASIC in a manner that the phases 
of the clock signals at the clock inputs of the clock re- 
cipients are substantially the same. This is done by pro- 
viding an H-tree conductive structure 36 for providing 
the initial distribution of the clock signal from the ASIC 
clock input to the inputs of the buffer-tree networks 46 
in a manner that the phases of the clock signal thereat 
are substantially the same. The buffer tree-network 46 
includes clock routing networks (e.g.50 and 54) for pro- 
viding the clock signal to the buffers in a manner that 
the phases of the clock signal at the output of each of 
the buffer within one level are substantially the same. 
Another similar clock routing network is provided at the 
output of the last level of buffers so that the clock signal 
is provided to the clock input of the clock recipients in a 
manner that the phases of the clock signal thereat are 
substantially the same. This type of clock distribution re- 
duces the adverse effects of clock skew. 
[0028] Although the balanced clock tree 30 is useful 
for reducing clock skew problems, there may be disad- 
vantage to it when the number of clock recipients in an 
ASIC becomes large. One such disadvantage is that it 
becomes increasingly difficult to layout or balance the 
clock distribution network when the number of clock re- 
cipient becomes large. Another disadvantage of the bal- 
anced clock tree is that when the number of clock recip- 
ient becomes large, problems such as ground bounce 
and V DD noise results. This is because a large number 
of clock recipients are being clocked at substantially the 
same time. The result is that it takes a relatively large 
current to clock all those clock recipients at substantially 
the same time. This large current causes the ASIC 
ground to develop voltage during clocking; a condition 
known as ground bounce. The same large current dur- 
ing clocking also results in the V DD voltage supply to 
drop during clocking of the clock recipients, which caus- 
es noise on the V DD line. 

[0029] Therefore is a need for a clock distribution net- 
work in an ASIC for which the clock signal is provided 



to each clock recipient in a manner that clock skew, 
ground bounce and V DD noise are reduced. The clock 
distribution network should reduce such problems when 
the ASIC includes a relatively large number of clock re- 
5 cipients. 

OBJECT OF THE INVENTION 

[0030] Therefore, it is a general object of this inven- 
tion to provide a clock distribution network and method 
therefor for an integrated circuit. 

[0031] It is another object of this invention to provide 
a clock distribution network and method therefor for an 
integrated circuit that reduces the problem of clock 
skew. 

[0032] It is yet another object of this invention to pro- 
vide a clock distribution network and method therefor for 
an integrated circuit that reduces the problem of ground 
bounce. 

[0033] It is another object of this invention to provide 
a clock distribution network and method therefor for an 
integrated circuit that reduces the problem Of V DD noise. 
[0034] It is another object of this invention to provide 
a clock distribution network and method therefor for an 
integrated circuit that reduces the problems of clock 
skew, ground bounce and VDD noise for an integrated 
circuit that includes a relatively large number of clock 
recipients. 

[0035] It is still another object of this invention to pro- 
vide numerous embodiments of a clock distribution net- 
work for accomplishing the above-mentioned objects. 

SUMMARY OF THE INVENTION 

[0036] The above-mentioned objects and other ob- 
jects are provided herein, wherein, briefly, a method of 
providing a clock signal to clock recipients in an integrat- 
ed circuit is provided herein that comprises the steps of 
providing the clock signal to a first group of clock recip- 
ients, wherein the clock signal at the clocking input of 
the clock recipients of the first group cycles with a first 
relative phase; and providing the clock signal to a sec- 
ond group of clock recipients, wherein the clock signal 
at the clocking input of the clock recipients of the second 
group cycles with a second relative phase which is dif- 
ferent than the first relative phase. 
[0037] Another aspect of the invention includes a 
clock distribution network for an integrated circuit, com- 
prising a first balanced clock tree having a first clock in- 
put for receiving a clock signal; a delay element for de- 
laying the clock signal a pre-detenmined amount of time 
to produce a delayed clock signal; and a second bal- 
anced clock tree having a second clock input for receiv- 
ing the delayed clock signal. 

[0038] Yet another aspect of the invention includes an 
integrated circuit comprising a substrate; a first bal- 
anced clock tree formed on the substrate that includes 
a first clock input for receiving a clock signal; a phase 
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shifting element for causing a phase shift in the clock 
signal; and a second balanced clock tree formed on said 
substrate that includes a second clock input for receiv- 
ing the phase-shifted clock signal. 
[0039] Yet still another aspect of the invention in- 
cludes a circuit for distributing a clock signal to clock 
recipients of an integrated circuit comprising a sub- 
strate; a conductive structure formed on the substrate 
that includes at least a first conductive branch for trans- 
mitting a clock signal; a first phase-shift element formed 
at a discontinuing portion of the first conductive branch 
to produce a phase-shifted clock signal from the clock 
signal; at least a first group of clock recipients coupled 
to the first conductive branch for receiving therefrom the 
clock signal; and at least a second group of clock recip- 
ients coupled to the first conductive branch for receiving 
therefrom the phase-shifted clock signal in a manner 
that the second group of clock recipients are clocked 
together at a different time than when said first group of 
clock recipients are clocked together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] The above-mentioned objects and other ob- 
jects and features of the invention and the manner of 
attaining them will become apparent, and the invention 
itself will be best understood by reference to the follow- 
ing description of the preferred embodiments of the in- 
vention taken in conjunction with the accompanying 
drawings, wherein: 

Figure 1 is a schematic and block diagram ofa prior 
art chain of D flip-flops having data clocked there- 
through by a common clock source, shown for the 
purpose of describing the effects of clock skew; 

Figure 2 is a schematic and block diagram of a prior 
art balanced clock tree used for reducing the effects 
of clock skew; 

Figure 3 is a schematic and block diagram of a prior 
art buffer network or tree as an element of the prior 
art balanced clock tree of Figure 2, wherein the buff- 
er network or tree distributes the clock signal to 
clock recipient elements in a manner that it reduces 
clock skew; 

Figure 4 is a prior art chain of D flip-flops being driv- 
en by one of the buffers of the buffer network or tree 
of Figure 3, wherein the clock signal distribution 
from the buffer output to the inputs of the flip-flops 
are configured to reduce clock skew; 

Figure 5 is a schematic and block diagram of a clock 
distribution network as per an embodiment of the 
invention, which provides for not only the reduction 
of clock skew, but also provides for the reduction of 
V DD noise and ground bounce; 



Figure 6 is a schematic and block diagram of a clock 
distribution network as per another embodiment of 
the invention, which provides for the reduction of 
clock skew, V DD noise, and ground bounce; 

5 

Figure 7 is a layout and block diagram of a clock 
distribution network as per yet another embodiment 
of the invention, which provides for the reduction of 
clock skew, V DD noise, and ground bounce; 

10 

Figure 8 is a layout and block diagram of a clock 
distribution network as per still another embodiment 
of the invention, which provides for the reduction of 
clock skew, V DD noise, and ground bounce; 

is 

Figure 9 is a layout and block diagram ofa clock dis- 
tribution network as per even another embodiment 
of the invention, which provides for the reduction of 
clock skew, V DD noise, and ground bounce; 

20 

Figure 10 is a schematic diagram of two chains of 
clock recipient elements of respective balanced 
clock distribution groups being in data communica- 
tion with each other, and a preferred manner of dis- 
25 tributing the clock signal as per an embodiment of 
the invention; and 

Figure 1 1 is a schematic diagram of two chains of 
clock recipient elements of respective balanced 
30 clock distribution groups being in data communica- 
tion with each other, and another manner of distrib- 
uting the clock as per another embodiment of the 
invention. 

35 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0041] One aspect of the invention is a method of pro- 
viding a clock signal to a plurality of clock recipients in 

40 an ASIC in a manner that the problems associated with 
clock skew, ground bounce and V DD noise are reduced. 
For the purpose of explaining this aspect of the inven- 
tion, assume that the ASIC includes numerous clock re- 
cipients, such as flip flops, latches, registers or others. 

45 The method comprises providing a clock signal to a first 
group of clock recipients in a manner that the first group 
of clock recipients are clocked together at a time T 0 , for 
example. The method further includes providing the 
clock signal to a second group of clock recipients in a 

so manner that the second group of clock recipients are 
clocked together at a time Tj that is different than the 
time T 0 when the first group of clock recipients are 
clocked. 

[0042] The advantage of the above segmented clock 
55 signal distribution method over the prior art is that when 
the ASIC includes a relatively large number of clock re- 
cipients, substantial reduction in ground bounce and 
VDD noise are achieved if the clock recipients of the 
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ASIC are not all clocked at the same time. With the prior 
art method, as explained earlier, a balanced clock tree 
is incorporated in an ASIC so that all the clock recipients 
of the ASIC are clocked at substantially the same time. 
The main concern for the prior art method of clocking all 
clock recipients of an ASIC at substantially the same 
time is reduction of clock skew. However, as the number 
of clock recipients in an ASIC grows to a relatively large 
number, the current required to clock all the clock recip- 
ients of an ASIC becomes relatively large. The large 
source current for the ASIC causes a voltage rise of the 
ASIC ground during clocking, which results in the ad- 
verse effect of ground bounce. Also, this large surge of 
source current during clocking also adversely affects the 
V DD supply source to the ASIC, thereby causing VDD 
noise. In addition, as the number of clock recipients 
grow in an ASIC, the design and layout of the balanced 
clock tree becomes increasingly difficult. 
[0043] So, according to the invention, if the clock re- 
cipients of the ASIC can be divided up into a plurality of 
groups, and each of these groups are clocked at distinct 
times, then the amount of current required during any 
clocking of a group is substantially less. The less current 
required for clocking results in a substantial reduction in 
ground bounce and V DD noise. In addition, if a balanced 
clock tree is used for routing the clock signal to one of 
the groups of clock recipients of the ASIC, then the de- 
sign and layout of the balanced clock tree is not as dif- 
ficult because that particular group of clock recipients 
consists of only a portion of the total clock recipients in 
the ASIC. In other words, less clock recipients, easier 
to design and layout a balanced clock tree. Including 
smaller balanced clock tree for each group of clock re- 
cipients, from a design standpoint, is much easier than 
including a large balanced clock tree for total clock re- 
cipients of an ASIC. 

[0044] The preferred manner of achieving the differ- 
ence in the timing of the clocking for the first and second 
groups of clock recipients is by providing the clock signal 
to the clock input of the clock recipients in the first group 
in a manner that it cycles at a relative phase different 
that that of the clock signal at the clock input of the sec- 
ond group of clock recipients. The preferred manner of 
having the clock signal cycles at a different relative 
phase at the clock input of each of the groups of clock 
recipients is by either delaying or phase-shifting the 
clock signal prior to it being applied to one of the groups 
of clock recipients. The delaying and phase-shifting, for 
example, can be performed by a conventional buffer or 
a driver. Also a small balanced clock tree can be used 
for each group of clock recipients so that the clock re- 
cipients for each group are clocked at substantially the 
same time. This reduces clock skew problems within 
each group. It shall be understood that the method can 
be applied to more than two groups of clock recipients, 
whereby each group are clocked at different times. 
[0045] Referring now to Figure 5, a block diagram of 
a clock distribution network 100 per an aspect of the in- 



vention is shown. The clock distribution network 100 is 
particularly useful for routing the clock signal of an ASIC 
and is typically formed on the ASIC substrate 102. The 
clock distribution network 100 may include two or more 
5 groups of clock distribution network and recipients, such 
as clock distribution groups 104, 106 and 108 shown in 
Figure 5 for illustration purposes. Each of the clock dis- 
tribution groups includes a group of clock recipients and 
a smaller clock distribution network for routing the clock 
signal thereto in a manner that the clock recipients within 
a group are clocked at substantially the same time in 
order to reduce clock skew Each of the clock distribution 
group includes a common clock input for receiving the 
clock signal applied to the ASIC. 
[0046] The clock distribution network 100 further in- 
cludes a main buffer or driver 110 for initially receiving 
the clock signal and providing an initial driving stage for 
the clock signal. The output of the buffer or driver 1 1 0 is 
coupled to the clock input of the clock distribution group 
I 104 and to the input of a second buffer or driver 112. 
The output of the second buffer or driver 112 is coupled 
to the clock input of the clock distribution group II 106 
and to the input of a third buffer or driver 1 1 4. The output 
of the third buffer or driver 114 is coupled to the clock 
input of the clock distribution group III 108 and to the 
input of yet another buffer if more clock distribution 
groups are needed. 

[0047] In operation, each of the buffer or driver "11 2 
and 114 causes the clock signal at their respective input 
to undergo a delay or phase shift as it is produced at 
their respective outputs. For this example, assume that 
the line length between the buffers and the clock input 
of the clock distribution network are negligible and do 
not affect the phase of the clock signal. Assuming that 
the relative phase of the clock signal at the output is giv- 
en by a reference phase of 0 O , then the relative phase 
of the clock signal at the output of buffers or drivers 112 
and 114 are and <)> 2t respectively, due to the phase 
shift of the clock signal caused by the buffers or drivers. 
As a result of these phase shifts, the clock signal at the 
clock inputs of clock distribution groups I, II and III (104, 
106 and 108) have relative phases of $ Q , (t> v and <J> 2 . If 
the relative phases <J> 0 , <)» 1 , and <j> 2 are different, the clock 
recipients within each of the distribution groups will be 
clocked at different times. This results in the reduction 
of ground bounce and V DD noise. Although the preferred 
manner of achieving the delay or phase shift in the clock 
signal is by use of buffers or drivers, it shall be under- 
stood that other devices that causes delays or phase 
shift in the clock signal may also be used. 
[0048] Referring to Figure 6, a block diagram of a 
more specific embodiment of a clock distribution net- 
work 200 per another aspect of the invention is shown. 
The clock distribution network 200 is useful for distrib- 
uting the clock signal to clock recipients of an ASIC and 
is typically formed on an ASIC substrate 202. The clock 
distribution network 200 includes two or more balanced 
clock trees 204, 206 and 208 which are of the same type 
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as the balanced clock tree 30 of the prior art shown in 
Figure 2. The clock distribution network 200 also in- 
cludes at least buffers or drivers 210, 212 and 214 
formed on the substrate 202 for causing the clock signal 
to have a relative phase of ty 0 , ^ , and <t> 2 at the inputs 
of balanced clock trees 204, 206 and 208. The differ- 
ence in phase of the clock signal at the input of each of 
the balanced clock tree causes the clock recipients as- 
sociated with each tree to be clocked at different times. 
Again, this results in the reduction of ground bounce and 
V DD noise. It shall be understood that other devices that 
causes delays or phase shift in the clock signal may also 
be used instead of the buffers or drivers. 
[0049] Referring to Figure 7, a block diagram of a 
clock distribution network 300 as per yet another aspect 
of the invention is shown. The clock distribution network 
is useful for distributing the clock signal to the clock re- 
cipients of an ASIC and is typically formed on the ASIC 
substrate 302. The clock distribution network 300 is sim- 
ilar to the prior art balanced clock tree 30 shown in Fig- 
ure 3 in that it includes a plurality of buffer tree networks 
46 coupled to respective clock recipients 48; in Figure 
7, this combination is referred to as the buffer/clock re- 
cipient fan-out 304, for short. Each of the buffer/clock 
recipient fan-out 304 are coupled to the ends 308a-d of 
an H-tree conductive path 306, similartothe H-tree con- 
ductive path 36 with an entry conductive line 310 cou- 
pled to the middle of the mid-section conductive line 
312, and the mid-section conductive line having oppos- 
ing ends coupled to the middle of two outer conductive 
lines 314 and 316. The clock distribution network 300 
also includes a main buffer 318 having an input for re- 
ceiving the clock signal and an output coupled to an end 
of the entry conductive line 31 0 of the H-tree conductive 
path 306. The clock distribution network 300 also in- 
cludes a buffer or driver 320 in an conductively interrupt- 
ed portion of the mid-section conductive line 312 of the 
H-tree conductive path 306 preferably in between the 
end of the entry conductive line 310 and the outer con- 
ductive line 316. 

[0050] In operation, the H-tree conductive path 306 
routes or splits the clock signal in a manner that the clock 
signal at the ends 308a-b of the outer conductive line 
31 4 cycles with a relative phase of %. The buffer or driv- 
er 320 causes a delay or phase-shift in the clock signal 
that the clock signal at the ends 308c-d cycles at a rel- 
ative phase of <j> v Because there is a relative phase dif- 
ference of the clock signal at the clock inputs of buffer/ 
clock recipient fan-out 304a-b and 304c-d, the clock re- 
cipients of buffer/clock recipient fan-out 304a-b will be 
clocked at a different time than those of buffer/clock re- 
cipient fan-out 304c-d. This results in a reduction in the 
adverse effects of ground bounce and V DD noise. This 
clock distribution network 300 is a two-stage design be- 
cause it consists oftwo groups of clock recipients being 
clocked at different times. 

[0051] Referring to Figure 8, a block diagram of a 
clock distribution network 400 as per still another aspect 



of the invention is shown. The clock distribution network 
400 is useful for routing the clock signal to clock recipi- 
ents of an ASIC and is typically formed on an ASIC sub- 
strate 402. The clock distribution network 400 is similar 
5 to that of clock distribution network 300 in that includes 
an H-tree conductive path 406 having ends 408a-d cou- 
pled to four buffer/clock recipient fan-outs 404a-d, re- 
spectively, and a main buffer or driver 410. It also in- 
cludes three other buffers or drivers 412, 414 and 416. 
The H-tree conductive path 406 routes or splits the clock 
signal from the output of the main buffer 41 0 to the ends 
408a-b in a manner that the clock signal thereat cycles 
at a relative phase of 0 O . The buffers 41 2, 41 4 and 41 6 
causes a delay or phase-shift in the clock signal in a 
manner that the clock signal routed to the ends 408c-d 
cycles thereat with a relative phase of <J> V 
[0052] Because of the relative phase difference of the 
clock signal at the clock inputs of buffer/clock recipient 
fan-out 404a-b and 404c-d, the clock recipients of buff- 
er/clock recipient fan-out 404a-b will be clocked at a dif- 
ferent time than those of buffer/clock recipient fan-out 
404c-d. The results in a reduction in the adverse effects 
of ground bounce and V DD noise. This clock distribution 
network 400 is still a two-stage design because it con- 
sists of two groups of clock recipients being clocked at 
different times. However, it differs from the clock distri- 
bution network 300 in that it has an one driving stage for 
each of buffer/clock recipient fan-outs 408c-d. 
[0053] Referring to Figure 9, a block diagram of a 
clock distribution network 500 as per still another aspect 
of the invention is shown. The clock distribution network 
500 is useful for routing the clock signal to clock recipi- 
ents of an ASIC and is typically formed on an ASIC sub- 
strate 502. The clock distribution network 500 is similar 
to that of clock distribution networks 300 and 400 in that 
it includes an H-tree conductive path 506 having ends 
508a-d coupled to four buffer/clock recipient fan-outs 
504a-d, respectively, and a main buffer or driver 510. It 
further includes three other buffers or drivers 512, 514 
and 51 6. The H-tree conductive path 506 routes or splits 
the clock signal from the output of the main buffer 510 
to the ends 508a-b in a manner that the clock signal 
thereat cycles at a relative phase of <j) 0 . The buffer or 
driver 5 1 2 causes a delay or phase-shift in the clock sig- 
nal in a manner that the clock signal is routed to the end 
508c in a manner that it cycles with a relative phase of 
(J^. The buffer or driver 514 causes an additional delay 
or phase-shift in the clock signal above that caused by 
buffer or driver 51 2 so that the clock signal is routed to 
the end 508c in a manner that it cycles with a relative 
phase of (J> 2 - 

[0054] Because of the relative phase differences of 
the clock signal at the clock inputs of buffer/clock recip- 
ient fan-out 504a-b, 504c and 504d, the clock recipients 
of buffer/clock recipient fan-outs 504a-b will be clocked 
at a different time than those of buffer/clock recipient 
fan-out 504c, which, in turn, is clocked at a different time 
than those of buffer/clock recipient fan-out 504d. This 
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results in a reduction in the adverse effects of ground 
bounce and V DD noise. This clock distribution network 
500 is a three-stage design because it consists of three 
groups of clock recipients being clocked at different 
times. 

[0055] Figure 1 0 shows a block diagram of two chains 
of clock recipients (D01 -03 and D1 1 -D1 3) of respective 
clock distribution groups, balanced clock trees or buffer/ 
clock recipient fan-outs 602 and 604 of an ASIC 600 in 
data communication with each other More specifically, 
data in the latches D01-D03 of group 602 are being 
clocked to latches D11-13 of group 604. When two 
groups of clock recipients per any of the embodiments 
described above of the invention are in data communi- 
cation as shown in Figure 1 0, it is preferred that the clock 
signal is routed in a direction opposite the flow of data. 
In other words, the delaying or phase-shifting element, 
such as the buffer or driver 606, should be arranged so 
that the group receiving the data should be clocked first, 
and the group sending the data should be clocked sec- 
ond. In the example shown in Figure 10, the clock re- 
cipients of group 604 (group receiving data) will be 
clocked before those of group 602 (group sending data). 
This manner of routing the clock signal prevents clock 
skew problems that may occur when data is sent from 
one group to another. Although this is the preferred man- 
ner of routing the clock signal, this is not to say that the 
clock signal can be routed in a direction of data flow. 
[0056] Figure 1 1 shows a block diagram of two chains 
of clock recipients (D01 -03 and D1 1 -D1 3) of respective 
clock distribution groups, balanced clock trees or buffer/ 
clock recipient fan-outs 702 and 704 of an ASIC 700 in 
data communication with each other. More specifically, 
data in the latches D01-D03 of group 702 are being 
clocked to latches D1 1-1 3 of group 704. In this case, the 
clock signal is routed in the direction of data flow; that 
is, from group 702 to 704. In other words, clock recipi- 
ents in group 702 (group sending data) is clocked before 
clock recipients of group 704 (group receiving data). Re- 
duction or elimination of clock skew can be accom- 
plished if the delay AT G of the data propagation between 
the groups is greater than the delay AT B of the clock 
signal caused by the buffer or driver 706. This insures 
that the data clocked to the output of latch D03 does not 
reach the input of latch D1 1 before it is clocked. If it does, 
clock skew problems occur. 

[0057] Although the present invention has been de- 
scribed in detail with regarding the exemplary embodi- 
ments and drawings thereof, it should be apparent to 
those skilled in the art that various adaptations and mod- 
ifications of the present invention may be accomplished 
without departing from the spirit and scope of the inven- 
tion. Accordingly, the invention is not limited to the pre- 
cise embodiment shown in the drawings and described 
in detail hereinabove. 
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Claims 

1 . A clock distribution network for an integrated circuit, 
comprising: 

5 

a first clock distribution group having a first 
clock input for receiving a clock signal; 

a delay element for delaying said clock signal 
10 a pre-determined amount of time to produce a 

delayed clock signal; and 

a second clock distribution group having a sec- 
ond clock input for receiving said delayed clock 
15 signal. 

2. The clock distribution network of claim 1 , wherein 
said first and second clock distribution groups are 
first and second balanced clock trees, respectively. 

20 

3. The clock distribution network of claim 2, wherein 
said delay element includes a clock-receiving input 
coupled to said second clock input of said second 
balanced clock tree, said delay element also in- 

25 eludes a clock-producing output coupled to the first 
clock input of said first balanced clock tree. 

4. The clock distribution network of claim 2 or 3, 
wherein said first and second balanced clock tree 

30 are coupled to each other for communicating data. 

5. The clock distribution network of claim 2, 3 or 4, 
wherein said first and second balanced clock tree 
are coupled to each other in a manner that data is 

35 capable of being clocked from said second bal- 
anced clock tree to said first balanced clock tree. 

6. The clock distribution network of claim 2; 3 or 4, 
wherein said first and second balanced clock tree 

40 are coupled to each other in a manner that data is 
capable of being clocked from said first balanced 
clock tree to said second balanced clock tree. 

7. The clock distribution network of any of claims 1 to 
45 6, wherein said delay element is a buffer or a driver. 

8. The clock distribution network of any of claims I to 
6, wherein said first and second balanced clock 
trees each include: 

so 

an H-tree conductive structure coupled to said 
respective first and second clock inputs; 

a plurality of buffer-tree networks connected to 
55 said H-tree conductive structure at points 

thereof where the relative phase of the clock 
signal is capable of being substantially the 
same; 
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a plurality of clock recipients having recipient 
clock inputs; and 

a plurality of clock routing networks for routing 
the clock signal from the input of said buffer- 
tree to said recipient clock inputs in a manner 
that the phases of the clock signal at each of 
said recipient clock inputs are substantially the 
same. 

9. The clock distribution network of claim 8, wherein 
said clock routing networks includes a plurality of 
conductive lines of equal lengths. 

10. The clock distribution network of claim 8, wherein 
said clock routing networks include at least one cur- 
rent load for causing a phase shift in said clock sig- 
nal. 

11 . A method of providing a clock signal to clock recip- 
ients in an integrated circuit, comprising: 

providing said clock signal to a first group of 
clock recipients, wherein the clock signal at the 
clocking input of the clock recipients of said first 
group cycles with a first relative phase; and 

providing said clock signal to a second group 
of clock recipients, wherein the clock signal at 
the clocking input of the clock recipients of said 
first group cycles with a second relative phase 
which is different than said first relative phase. 

12. The method of claim 11, further including the step 
of delaying said clock signal to form said second 
relative phase. 

13. The method of claim 12, wherein the delaying of 
said clock signal is performed by a buffer or driver. 

14. The method of claim 11, 12 or 13 further including 
the step of shifting the phase of said clock signal to 
form said second relative phases. 

15. The method of claim 14, wherein the shifting the 
phase of said clock signal is performed by a buffer 
or driver. 

16. The method of any of claims 11 to 15, wherein the 
step of providing said clock signal to said first group 
of clock recipients includes the step of providing 
said clock signal to said first group using a first bal- 
anced clock tree. 

17. The method of claim 16, wherein the step of provid- 
ing said clock signal to said second group of clock 
recipients includes the step of providing said clock 
signal to said first group using a second balanced 



clock tree. 

18. The method of claim 17, wherein the steps used by 
said first and second balanced clock trees for pro- 

s viding the clock signal to said first and second group 
of clock recipients includes: 

splitting the clock signal into first and second 
clock signals by way of a conductive structure; 

10 

coupling the first clock signal to a first buffer 
tree-network by way of a first region of said con- 
ductive structure; 

is coupling the second clock signal to a second 

buffer tree-network by way of a second region 
of said conductive structure in a manner that 
the phases of said first and second clock signal 
are substantially the same at said first and sec- 
20 ond regions; and 

coupling at least a portion of said first and sec- 
ond clock signals from said first and second 
buffer tree-network to said first and second 
25 groups of clock recipients, respectively. 

1 9. The method of claim 1 8, wherein the step of splitting 
the clock signal includes the step of splitting the 
clock signal by way of an H-tree conductive struc- 

30 ture. 

20. An integrated circuit comprising: 

a substrate; 

35 

a first balanced clock tree formed on said sub- 
strate that includes a first clock input for receiv- 
ing a clock signal; 

40 a phase shifting element for causing a phase 

shift in said clock signal; and 

a second balanced clock tree formed on said 
substrate that includes a second clock input for 
45 receiving said phase-shifted clock signal. 

21. The integrated circuit of claim 20, wherein said 
phase shifting element includes a clock-receiving 
input coupled to said second clock input of said sec- 

50 ond balanced clock tree, said delay element also 
includes a clock-producing output coupled to the 
first clock input of said first balanced clock tree. 

22. The clock distribution network of claim 20 or 21 , 
55 wherein said first and second balanced clock tree 

are coupled to each other for communicating data. 

23. The clock distribution network of claim 22, wherein 
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said first and second balanced clock tree are cou- 
pled to each other in a manner that data is capable 
of being clocked from said second balanced clock 
tree to said first balanced clock tree. 

5 

24. The clock distribution network of claim 22, wherein 
said first and second balanced clock tree are cou- 
pled to each other in a manner that data is capable 
of being clocked from said first balanced clock tree 
to said second balanced clock tree. io 



25. The clock distribution network of any of claims 20 
to 24, wherein said delay element is a buffer or a 
driver. 

26. The clock distribution network of any of claim 20 to 
25, wherein said first and second balanced clock 
trees each include: 

an H-tree conductive structure coupled to re- 
spective first and second clock inputs; 

a plurality of buffer-tree networks connected to 
said H-tree conductive structure at points 
thereof where the phase of the clock signal is 
capable of being substantially the same; 

a plurality of clock recipients having recipient 
clock inputs; and 

a plurality of clock routing networks for routing 
the clock signal from the input of said buffer- 
tree to said recipient clock inputs in a manner 
that the phase of the clock signal at each of said 
recipient clock inputs is substantially the same. 

27. The clock distribution network of claim 26, wherein 
said clock routing networks includes a plurality of 
conductive lines of equal lengths. 

28. The clock distribution network of claim 27, wherein 
said clock routing networks include at least one cur- 
rent load for causing a phase shift in said clock sig- 
nal. 



at least a first group of clock recipients coupled 
to a first portion of said conductive structure for 
receiving therefrom said clock signal; and 

at least a second group of clock recipients cou- 
pled to a second portion of said conductive 
structure for receiving therefrom said phase- 
shifted clock signal in a manner that the second 
group of clock recipients are clocked together 
at a different time than when said first group of 
clock recipients are clocked together. 

30. The clock signal distributing circuit of claim 29, 
wherein the first phase-shifting element is a first 

is buffer or a first driver. 

31. The clock signal distributing circuit of claim 29 or 
30, further including a second phase-shifting ele- 
ment formed at a second discontinuing portion of 

20 said conductive structure for producing a double 
phase-shifted clock signal from said phase-shifted 
clock signal, and further including a third group of 
clock recipients coupled to a third portion of said 
conductive structure for receiving said double 
25 phase-shifted clock signal in a manner that said 
third group of clock recipients are clocked together 
at a different time than when said first and second 
groups of clock recipients are clocked. 

30 32. The clock signal distributing circuit of claim 31, 
wherein said first and second phase-shifting ele- 
ment are a first and second driver or buffer, respec- 
tively. 



35 33. The clock signal distributing circuit of claim 31 or 
32, further including a third phase-shifting element 
formed at a third discontinuing portion of said con- 
ductive structure for driving said phase-shifted 
clock signal to a third group of clock recipients. 

40 

34. The clock signal distributing circuit of claim 33, 
wherein said first phase-shifting element is formed 
at said first discontinuing portion ofa mid-section 
conductive line of an H-tree conductive structure 
and said second and third phase-shifting element 
is formed on an outer conductive line of said H-tree 
conductive structure. 



20 



25 



45 

29. A circuit for distributing a clock signal to clock recip- 
ients of an integrated circuit comprising: 

a substrate; 

50 

a conductive structure formed on said substrate 
for transmitting a clock signal; 

a first phase-shift element formed at a first dis- 
continuing portion of said conductive structure 55 
to produce a phase-shifted clock signal from 
said clock signal; 
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